Relationship between ankle brachial index and arterial remodeling in pseudoxanthoma elasticum  by Lefthériotis, Georges et al.
Relationship between ankle brachial index and
arterial remodeling in pseudoxanthoma elasticum
Georges Lefthériotis, MD, PhD,a,b Pierre Abraham, MD, PhD,a,b Yannick Le Corre, MD,a,b
Olivier Le Saux, PhD,c Daniel Henrion, PhD,b Pierre Henri Ducluzeau, MD, PhD,a
Fabrice Prunier, MD, PhD,a,b and Ludovic Martin, MD, PhD,a,b Angers, France; and Honolulu, Hawaii
Objectives: Pseudoxanthoma elasticum (PXE) is an inherited metabolic disease characterized by elastic fiber fragmentation
and calcification in the cutaneous, ophthalmologic, and vascular tissues. Cardiovascular manifestations such as peripheral
arterial disease (PAD) are frequent in PXE. Because of the changes in the elastic properties and medial calcification of the
arterial wall in PXE, the impact of the arterial remodeling on the ankle brachial index (ABI), a well-established diagnostic
method for the detection and follow-up of PAD, remains to be determined in this disease.
Methods: This was a cross-sectional, comparative, open study, which took place at the PXE Consultation Center,
University Hospital of Angers. The subjects were 53 patients (mean age, 49  14 years; 35 females) with PXE clinically
proven on the basis of established criteria (skin changes, angioid streaks, and skin biopsy). The ABI at rest, symptoms of
intermittent claudication (IC), carotid intima-media thickness (IMT), carotid-femoral pulse wave velocity (c-f PWV),
compliance (CC), and  stiffness index were measured in a single-center cohort.
Results: Forty-five percent of the PXE patients had an ABI<0.90, but only one patient had an ABI>1.40. IC was found
in 23% of the patients with an ABI <0.90. There were no significant differences between the patients with a low and
normal ABI in terms of IMT (P  .566) or  stiffness index (P  .194), but differences were significant for c-f PWV
(P  .010) and CC (P  .011). Adjusted multivariate linear regression for the Framingham-Laurier score showed that
patients with a low ABI had less compliant carotid arteries (B  0.318, P  .039).
Conclusions: PAD detected by a low ABI is very frequent in PXE, although with limited prevalence of symptomatic
claudication. Unexpectedly, ABI was low in such calcifying PAD and associated with lower CC, independently of
atherosclerosis risk factors. These findings demonstrate that PXE represents a unique monogenic model of PAD in which
the specific arterial wall remodeling could change the diagnostic value of the ABI to detect PAD. (J Vasc Surg 2011;54:
1390-4.)
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rPseudoxanthoma elasticum (PXE; OMIM 264800) is
an autosomal recessive multisystem disorder affecting con-
nective tissue.1-3 PXE is characterized by the fragmentation
and mineralization of elastic fibers in the skin, Bruch’s
membrane of the retina, and the vasculature. Its prevalence
is estimated at between 1/25,000 and 1/50,000. The
causative mutations have been identified in the ABCC6
gene encoding an ATP-binding cassette transporter that is
primarily expressed in the liver and to a lesser extent only in
affected tissues.3 Consequently, PXE is now considered to
be a metabolic disease of genetic origin.
Patients with PXE usually present with cutaneous and
ophthalmologic involvement, the combination of which
provides the diagnosis in most cases.2-4 Yellowish cutane-
ous papules and loss of skin elasticity are aesthetic concerns,
but the complication of angioid streaks may severely impair
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1390isual acuity. Cardiovascular expression is said to be an-
ther frequent clinical manifestation of PXE, including
rterial hypertension, and cerebral and coronary ischemic
ttacks.1,5,6 The basic arterial changes observed in PXE are
he consequences of mineralization of the internal elastic
aminae of the medial layer in muscular and elastic arteries,
imicking those observed in other acquired metabolic
iseases such as diabetes and end-stage renal disease.7 Early
nd severe peripheral arterial disease (PAD) or slowly wors-
ning lower limb claudication without obvious cardiovas-
ular risk factors have been repeatedly reported in
XE.1,2,6,8,9 There are very few studies on PAD in PXE
ndertaken with a significant population and using strin-
ent detectionmethods. The ankle brachial index (ABI; the
atio of the ankle systolic pressure and brachial systolic
ressure) is a clinically validated method for the detection
nd the evaluation of the severity of PAD in atherosclero-
is.10,11 In mineralizing arterial diseases, a high ABI is
sually reported because of the severely reduced or non-
ompressible arterial wall of the distal arteries. Because of
he complex remodeling affecting the arterial wall in PXE,
he reliability of the ABI to detect and manage PAD needs
o be clarified in this monogenic arterial disease.
The study presented here was designed to determine
he specific features of PAD detected by the ABI and its
elationship with the biomechanical characteristics of the
rterial wall in patients with PXE.
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Patients. Fifty-three consecutive PXE patients (35 fe-
males) involved in an ongoing single-center cohort (PXE
Consultation Center, University Hospital of Angers,
France) were prospectively included for this cross-sectional
study. The diagnosis of PXE was based on the combination
of established criteria for undisputable PXE (ie, clinically
suggestive skin changes, angioid streaks, and demonstra-
tion of fragmented and calcified elastic fibers on skin bi-
opsy).4
Biometric variables and smoking habits were recorded
for all patients. Blood samples were collected after over-
night fasting for measurement of lipid and glucose profiles
by standard techniques. Brachial systolic (SABP) and dia-
stolic blood pressures (DABP) were measured in the supine
position with an automatic sphygmomanometer (Welch
Allyn Inc., Model SPOT, France) using an appropriately
sized cuff. The brachial pulse pressure (PP) was calculated
as SABP minus DABP. Cardiovascular risk factors were
scored as follows: (1) Hypertension: systolic blood pressure
(SABP) 140 mm Hg and diastolic blood pressure
(DABP) 90 mm Hg and/or use of antihyperten-
sive medication. (2) Diabetes: fasting glucose 7.0
mmol/L and/or use of glucose-lowering medication (in-
cluding insulin). (3) Hyperlipemia: low-density lipoprotein
(LDL) cholesterol 3.4 mmol/L, high-density lipopro-
tein (HDL) cholesterol 1 mmol/L, triglyceridemia 2
mmol/L and/or use of lipid-lowering medication. The
10-year absolute and relative risks for a cardiovascular event
were calculated using the Framingham-Laurier equation
modified for European populations (F-L score in %).12
Symptomatic and asymptomatic PAD. Symptoms
of lower limb intermittent claudication were detected using
a French-translated version of the Edinburgh Claudication
Questionnaire (ECQ) administered by the investigators
and scored as “asymptomatic” or “symptomatic.” The ABI
was measured for all patients according to standardized
methods with a bidirectional 8-MHz ultrasound Doppler
velocimeter and a sphygmomanometer. SBP was measured
in the posterior tibial and dorsalis pedis arteries of both legs
and in the brachial artery of both arms. ABI was calculated
for each leg by dividing the highest lower limb SBP value by
the highest upper limb SBP value. ABI was considered
normal between 0.91 and 1.39.13 The presence of PAD
was assessed on an ABI 0.90. An ABI 1.40 indicated
PAD with noncompressible arteries.
Screening for arterial lesions. All participants under-
went complete ultrasound screening of the lower limb (ie,
aorta, femoral, popliteal, and ankle) and carotid (common,
internal, and external) arteries within a single day using a
high-resolution B-mode scanning system (Alpha-10,
Aloka, Japan). Atherosclerotic plaques were defined as a
distinct focal area of high echogenicity or with an acoustic
shadow in relation to the adjacent segment, and/or a focal
protrusion of at least 50% of the surrounding intima-media
thickness encroaching into the vessel lumen. A severity
score was established by the operator as follows: 0  sbsence of detectable lesion, 1  mildly calcified in subp-
pliteal arteries, 2  moderately calcified in both femoral
nd distal segments, 3  severely calcified in proximal
aorta and femoral) and subpopliteal arterial segments, 4
ne or more proximal arterial segment(s) occluded (eg,
emoral).
Carotid and aortic artery stiffness. The IMT of both
ommon carotid arteries (CCA) was measured and aver-
ged from the ultrasound scans obtained with a high-
esolution 13-MHz linear array transducer. The digitized
cans were analyzed off-line using an Internet-based soft-
are program (Diamed V1.0, http://www.televasc.fr,
rance). Carotid end-diastolic lumen diameter (D in mm),
rterial wall compliance (CC(2D. DD
2
)/(4. P)
n mm
2
kPa1) and stiffness index (  ln(SABP/DABP)/
D/D)) were determined by an echo-tracking technique
e-Tracking, Aloka) coupled to the ultrasound system.14
ortic stiffness was determined by measuring carotid-
emoral pulse wave velocity (c-f PWV in ms-1) with a
onometric technique (Pulse Pen, Diatcne, Italy).
Statistical analyses. All normally distributed variables
re expressed as mean (	 SD) unless otherwise stated. The
ifferences between the groups with normal and abnormal
BI were compared using analysis of variance. Differences
etween groups for categorical variables were determined
sing 
2 tests. Correlation coefficients were determined by
earson’s statistics. A multivariate linear regression analysis
as applied with the value of ABI as the dependent variable,
nd structural and functional variables (IMT, c-f PWV, 
tiffness index, pulse pressure, and CC) and the presence or
bsence of IC as the independent variables, after adjust-
ent for the confounding effect for the atherosclerosis risk
actors (ie, F-L score). All statistics were performedwith the
PSS v15.0 package (SPSS, Chicago, Ill) with significance
et at P  .05, and adjustments were made for multiple
omparisons when needed.
ESULTS
Cohort characteristics. The PXE cohort had more
emales (65%) thanmales. Themean age was 49	 14 years,
ith a body mass index (BMI) of 26 kg/m2 (one patient
ad a BMI 40). Five PXE patients had a history of overt
ardiovascular disease (two angina pectoris, one femoral
ngioplasty, two strokes, and one toe amputation). One
atient had experienced two events. The patient with the
oe amputation also had type 1 diabetes. Hypertension was
resent in 23% of the patients; 23% smoked and 27% of the
atients had dyslipidemia. Only one patient had type 2
iabetes. This patient was not excluded from the statistics
ince his diabetes was corrected by antidiabetic medication.
he F-L score was not significantly different between the
wo groups. No patient had renal insufficiency or was
ialyzed or had pulmonary disease (Tables I and II).
ABI and other hemodynamic data. An ABI 0.90
as found in 45% of patients (n 24), and only one had an
BI1.40. Since no statistics could be performed for only
ne case, this patient was excluded from the subsequent
tatistical analysis. Although the proportion of women with
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ence in gender. Unadjusted statistics showed that the pa-
tients with a low ABI were older, with lower CC, and
higher c-f PWV, but higher blood pressure than the groups
with a normal ABI. IC was detected by the ECQ in 28%
(15/53) of the patients, and 23% (12/53) had an IC
associated with an ABI 0.90. There were no significant
differences in age between the patients with or without IC
(54 	 9 vs 47 	 16 years, respectively; P  .111). Duplex
ultrasound scans revealed arterial calcification in almost all
patients. The severity score was significantly higher (2.25	
1.18) in patients with a lowABI compared with the patients
with a normal ABI (1.28 	 0.71, P  .001) and increased
with age (r  .358, P  .009). Calcified lesions predomi-
nated in the subpopliteal arteries and distal superficial fem-
oral arteries, whereas carotid arteries were rarely calcified.
Unadjusted analysis showed a significant correlation
only between the ABI and the CC (r  .379, P  .005,
Fig) but not with the other variables. The multivariate
linear regression analysis adjusted for the F-L score
showed that the CC was an independent determinant of
the ABI (Table III).
DISCUSSION
To the best of our knowledge, this is the first study
examining the impact of arterial stiffness on the ABI in
pseudoxanthoma elasticum, a monogenic mineralizing vas-
cular disease. The major findings are (1) a very high prev-
alence of PAD detected by a low ABI and (2) the value of
the ABI is independently predicted from the IC and arterial
stiffness in PXE.
The presence or absence of PAD in this study was based
on validated detection methods (ECQ and ABI) and not
only on self-reported information or clinical examination
alone (ie, pulse detection). We found that 23% of the
Table I. Cardiovascular risk factors in the PXE patients
with a low (0.90) and normal ABI
ABI 0.90 ABI  0.90 P (Khi2)
Gender
Male 10 (19%) 8 (15%) 0.243
Female 14 (27%) 20 (39%)
Diabetes
No 23 (44%) 28 (54%) 0.349
Yes 1 (2%) 0 (0%)
Tobacco use
No 19 (37%) 21 (40%) 0.492
Yes 5 (10%) 7 (13%)
Hypertension
No 15 (29%) 25 (48%) 0.025
Yes 9 (17%) 3 (6%)
Dyslipidemia
No 16 (31%) 22 (42%) 0.257
Yes 8 (15%) 6 (12%)
ABI, Ankle-brachial index; PXE, pseudoxanthoma elasticum.
Data are indicated as number of patients with percentage from the overall
population in parentheses.overall PXE patient cohort complained of symptomatic IC, flthough 45% of the whole cohort exhibited PAD as de-
ected by the ABI. Our findings are in accordance with
revious studies reporting a prevalence of PAD of 30% but
sing less stringent clinical criteria.1 In a Belgian PXE
ohort (n 42 patients), PADwas diagnosed in 22% of the
atients on self-reported intermittent claudication, but in
3% bymeans of ultrasonographic evaluation.6 By contrast,
he prevalence of PAD detected by ABI in the general
opulation aged 55 years ranges from only 17% in adult
en and 21% women15 up to 24%.16 Therefore, our find-
ngs in a large PXE cohort confirm that PAD is clearly a
requent symptom of the disease.
The reason for the high prevalence of a lowABI value in
his mineralizing disease is unclear. The calcifications accu-
ulating in the tunica media of PXE patients are responsi-
le for extensive mineralization of almost all arteries visible
y various imaging techniques.17-19 We therefore expected
o find a high prevalence of ABI1.40, a validated thresh-
ld for stiffened arteries usually reported in other mineral-
zing PADs.7,11 Only one patient in our cohort (2%) had an
BI value 1.40, a value within the range of mineralized
rteries.20
We hypothesize that the ABI value found could be
elated to the specific structural and functional properties of
he arterial wall reported in PXE. Rare histologic reports
emonstrated elastic fiber fragmentation, mineralization,
nd accumulation of proteoglycans, mostly in medium and
mall-sized arteries.18,19 This remodeling contributes to
hickening of themedial layer, reduces the lumen size of the
adial artery, and increases the IMT in the carotid arteries.
unctional changes are characterized by reduced stiffness,
ainly in older patients (40 years) compared with healthy
atched controls.19,21,22 This has also been found to be
ssociated with higher compliance in controls, mainly at
lder ages, although the slope for changes with age was less
teep than in controls.
Indeed, in our study, the relationship between age and
he other arterial variables could partially explain the
hanges observed since the PXE patients with a low ABI
ere also older. After adjustment for age, most of the
orrelations became nonsignificant except for arterial com-
liance. These findings suggest that age is highly associated
ith arterial changes in PXE and that most of the vascular
omplications are likely to develop after the fifth decade of
ife. In atherosclerosis, carotid and femoral artery compli-
nce is reduced in patients with PAD and independently
ssociated with a low ABI.23-25 Since the PXE patients are
lso exposed to the usual cardiovascular risk factors (ie,
moking, hypertension, etc) mainly integrated in the F-L
core, atherosclerosis may also superimpose to PXE. Ad-
usted analysis for the F-L score showed an independent
ssociation of ABI with arterial compliance. We thus dem-
nstrated for the first time that arterial compliance (but not
tiffness) is an important determinant of the ABI value,
ndependently from the atherosclerotic process.
The contribution of the larger and predominantly elastic
rteries, such as the aorta, was also examined. Interestingly, we
ound that the c-f PWVwas not a significant predictor of ABI
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dance with other studies in atherosclerosis in which the rela-
tionship with pulse wave analysis did not clearly show an effect
on ABI.24,26 This finding also suggests that the aorta is
differently affected in PXE compared with the smaller arteries,
as already reported in microscopic examinations.18
Our PXE cohort mainly comprised women (65%),
which is a common finding in PXE,1 although the reason
Table II. Biometric and hemodynamic data according to
All
Mean
Age (years) 49 1
Weight (kg) 72 2
Height (m) 1.66
Body mass index (kg/m2) 25.8
Total cholesterol (g/L) 1.89
High-density lipoprotein cholesterol (g/L) .51
Low-density lipoprotein cholesterol (g/L) .84
Triglycerides (g/L) 1.03
Serum creatinine (mmol/L) 68 1
Serum albumin (g/L) 71
Brachial systolic blood pressure (mm Hg) 127 1
Brachial diastolic blood pressure (mm Hg) 74 1
MABP (mm Hg) 92 1
Pulse pressure (mm Hg) 52.8 1
Framingham-Laurier risk score (%) 10% 1
ABI .90
Carotid intima-media thickness (mm) .628
Compliance (mm2/kPa) .9130
 stiffness index (AU) 7.1981
Carotid-femoral pulse wave velocity (m/s) 8.1306
ABI, Ankle-brachial index; AU, arbitrary unit.
Statistical comparisons performed between ABI 0.90 and ABI 0.90 gro
aUnadjusted statistics.
Fig. Relationship between carotid arterial compliance and ankle-
brachial index in patients with a pseudoxanthoma elasticum. The
vertical line indicates the threshold for the abnormal ABI. Unad-
justed R2  0.143; ABI  0.216; CC (	0.074)  0.379; P 
.005.for this gender ratio has not been explained to date. Somen with PAD generally exhibit a lower prevalence of
ower limb claudication, a higher prevalence of atypical
schemic symptoms, better tolerance of reduced walking
istance, and a higher prevalence of PAD detected by
BI.27 In fact, the prevalence of PAD is 10% overestimated
n women since they have about 0.02 lower ABI values than
en.28 In our study, after adjustment of the ABI to a
ut-off value of 0.88 for women, the higher prevalence of
AD (50%) in women with PXE and PAD remained un-
hanged compared with men.
Beside the fact that small series have intrinsic limited
tatistical power, this study has other limitations. First,
lthough the present results were obtained with one of the
argest PXE cohorts reported to date, genotype determina-
ion was not available in all patients. This precludes any
ndings in relation to genotype/phenotype correlation.
BI
ABI 0.90 ABI 0.90
PaMean SD Mean SD
54 12 45 15 .019
71 18 72 21 .779
1.65 .10 1.67 .09 .447
25.7 4.3 25.7 5.9 .993
1.86 .22 1.90 .24 .502
.51 .18 .51 .16 .945
.93 .48 .75 .50 .187
1.10 .51 .96 .45 .300
69 15 67 9 .535
71 5 71 6 .917
128 15 125 17 .462
76 11 73 9 .342
93 12 90 11 .360
52.8 1.0 52.1 12.6 .816
12 10 8 10 .174
.74 .12 1.06 .12 .000
8 .638 .087 .620 .123 .566
173 .79 .27 1.03 .37 .011
159 7.87 2.94 6.56 4.11 .194
407 8.98 1.81 7.41 1.67 .010
able III. Adjusted (Framingham-Laurier risk score)
ultivariate linear regression analysis with the ankle
rachial index
ependant variable:
nkle-brachial index B SE  t P value
onstant .428 .303 1.412 .165
arotid intima-media
thickness .717 .363 .318 1.976 .054
stiffness index .016 .013 .337 1.218 .229
ompliance .318 .150 .493 2.120 .039
arotid-femoral
pulse wave velocity .038 .020 .256 1.908 .062
ulse pressure .002 .003 .130 .719 .475the A
SD
4
0
.09
5.1
.23
.17
.49
.48
2
5
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0
1
1.1
0%
.18
.10
.34
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1.91econd, we did not provide specific information on the
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tended calcifications of the arterial wall, characterized by
“ultrasound shadows,” clearly emerged as a common trait
in our patients. As already mentioned,9 occlusion of the
proximal trunks (ie, carotid, aortoiliac, or common femoral
arteries) seems rare in PXE and possibly overlaps with
atherosclerotic lesions, especially in older patients. Finally,
as arterial stiffness in the distal leg arteries was not investi-
gated directly due to lack of sufficient spatial resolution of
our standard ultrasound techniques, we cannot dissect out
the role of local structural and geometrical changes induced
by PXE on the ABI.
In conclusion, in addition to the well-described cuta-
neous and ophthalmologic signs, our findings confirm that
PAD is a major clinical feature of PXE that can be objec-
tively identified with ABI and ECQ. Although the place of
conventional diagnostic tools such as ABI in the detection
and management of PAD in PXE remains to be deter-
mined, the mechanistic role of the arterial remodeling in
the ABI in this monogenic mineralizing disease remains to
be clarified.
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